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SUMMARY 


Effective To tad Fatigue Life and Crack Gnr>w+ h , , 

proposed The 7. • L racK Growth Scatter Models are 
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abovementioned knowledge the phenomenological models of high probability 
should be created. 


THE FORMING OF FATIGUE LIFE MODELS. 


Let. us name as Life Parameters <LP> such factors "included" into 
the relations of accepted form which simply give the necessary FLGs (the 
crack growth included). As an example of LPs one can consider the factors 
of analytical presentations of endurance curves in power or any other 
form, the factors of Paris equation, etc. 

Let us formulate assumptions which f orm the basis of models to be 
proposed: 

(i) Between the LPs and FLGs "quasi -deterministic" relations 

exist 

(ii) The forms of the relations are similar for any copy of the 
airframe structure. The scatter of FLGs is connected therefore only with 
LPs scatter. 

Using these assumptions we can obtain the solution to a complicated 
problem through answers on two more simple questions: 

-what are the forms of equations; 

-what kind of "satisfaction" of these equations by random factors is 
suitable. 

The assumptions are naturally not exact. Indeed, the same "input" should 
not give the same "output" because "parasitic scatter" connected with 
many influences has not been taken into account. But if the LPs totality is 
chosen sufficiently this additional scatter can be considered as a 
negligible one. 


THE SCATTER MODEL OF TOTAL FATIGUE LIFE <TFL> FOR PULSING LOADING. 


The TFL means the number of cycles up to failure (or to the fatigue 
damage condition close to failure). 

A simple and effective model is proposed based on the vast amount of 
experimental data. The collection of data of that kind began in the late 
40s. Many investigations of test results developed in the USSR during 
1948-1969 were fulfilled in TsAGI Cref.l and 2). The test amount is 
illustrated in table 1. The example of test results interpretation is 
shown on figure 1; mean values of the fatigue life logarithm are plotted 
on the X-axis, its standard deviation values - on the Y-axis. The 
generalized data (figure 2) emphasize a common rule: the minimum scatter 

takes place in the vicinity of 10 cycles mean life; the scatter increases 
both by increasing and by decreasing the life from this value. 

The same conclusions are made by A.M.Stagg as a result of his 
detailed investigations. Let us cite some words from his paper (ref.3>: 
"<l>The coefficient of variation increases with an increase in the 


622 



life of a specimen above a value of logtf of about 4. 

<2>The coefficient of variation increases with a decrease in 
V31U* Of IceH befow a value of 4. This is by no weU 

supported as Cl) above". means as well 

A significant experimental result was obtained in ref 4- a 

b r h s ;l e s ra f° n H P v int '" °, f fati ^ ue exists (see figure 3 where 

^ h t 1 l f ’ X and Yf are logarithmic) for several aluminium alloy 

senu- finished products. This observation in addition to other experimental 

model n ^>rmujiatitm >< <ref!* 1 5 e ^r»^ n -gument to the following scatter 

fo^™ V r°?K ° f ® n A f il ' fl ‘ ame element has an individual fatigue curve The 
I relation between fatigue life and the maximum stress 

value o o in case of the pulsing loading is kept similar to the 

form of the mean curve. For example, it can be a curve of power form 

Cla) 


N < a So > m =3A* 
o o 


or be logarithmed as 

losSrN+mlog <o' q /o'2>'*Io&A*=C 

m and A Cor G ) are random and are altered from 


The parameters _ 

one copy of an airframe to another. 


Clb) 


The stress value a ^ which corresponds to the 


•neck" of the "fan" 


formed by individual curves is apparently the material feature Cfigure 4) 

Ufe , the C «*“ »•** - -qu-l to the ff t T s ue 

logarithm at the level does not correlate with the parameter m; 

evidently characterized the slope angle of fatigue curves 
r * eiii n r S ^ logarithmic scale. As the correlation factor 

rriC 


w — — .w. wriiir tiurrexax/ion I actor 

equal to zero the main equations for the mean life logarithm 

would be written ag 


value log- N and for the standard deviation S 


logN 


l m Q — Tnlog<Cr /CT > 


loghf 


/ 


+ a 2 < l ogN - b> 2 


C2) 


C3) 


where a" 
used. 


‘ D m/ m > 


b=C 


d 2 =*D *. 

G 


A standard notation 


i'or a dispersion is 


Equation C3) describes Cfigure 5) the relation of the fieure ? 

Taa" f s of f D?rr y -- p , or exan,pte ’ the »•— tLtS'JFssjzr 

vaiad for D16 aluminium alloy sheets, 

in run GENERALIZATION OF THE TFL SCATTER MODEL 

IN THE CASE OF THE POSITIVE MEAN VALUE OF THE LOAD CYCLE CMVLC). 


bas^s^f Lhe _, type 4 C1> e( l uaUon l' 01 ' this case may be accepted on the 

weU confirmed approach to the evaluation of MVLC influence on 
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mean TFL. The proposals of ref-7 and 8 known for many years and based on 
energetic considerations turned out to be valid. 

There is a simple equation 

o^ q - o' Cl - R2> 0 , (4) 

O max 

which one can use bo obbain a maximum value or a pulsing cycle load that 
corresponds bo the same mean fabigue life bub Tor bhe loading wibh an any 
posibive MVLC. The paramebers of bhis equabion have bhe following sense: 
a and a are bhe maximum and bhe minimum values of bhe cycle load; 

max min 

R * a /a is bhe sbress rabio which may alber Cfor arbibrary posibive 
mm 7 max 

MVLC) wibhin -1<R<+1 range. The parameber 0<e<l is a new fabigue life 
parameter. 

The gener ali zed equations similar bo <la> and Clb> would be wribben as 

NCo /a* > m <l- R> m0 = A * C5a> 

max' O 

or, be logarithmed and inserted with a notation ft — m0, as 

lo^N+mio^(o , o /o' o >+/3lo^<l“R)“io^A "C C5b> 

These equations are sufficiently valid Cref.9 and 10). An example of a 
straight regression line is given on figure 6 for coupon test data 
(aluminium alloy D16, sheet). The tests are fulfilled in a wide range of 
stress ratios. Bach experimental point corresponds to mean life for the 
sample of at least five specimens (the total scope is 233 specimens). The 
mean values of the abovementioned parameters are: m»4 .66; £—0.575; /?— 2 . 68. 

The analysis shows that in the presence of a new fatigue life 
parameter ft the f orm of equation (3) and the value of the parameter a 
must not be changed but the formulae for parameters b and d which are 
included in the equation (3) become more complicated and should be 
written as follows: 

b—G*- /Kl-r^Cj'^/y m )>lo^Cl-R), C6) 

d 2 *»D c * + D^Cl-r^^log^Cl-R) - 2 y logdr R). <7) 

The equation (7) includes a- dispersion and paired correlation 

factors r and r „ *; about the values of these factors some reasonable 

mft ftc 

assumptions should be proposed. 

Indeed, if the parameter 0 is not random and its value is the same 
for any copy of the airframe structure; i.e £*»£— const, the correlation 

factor r ■* — 0 and (it can be simply shown) r ^ — 1. In other words the 
ftc n* J 

paramebers ft and C are pracbically independenb, bub paramebers m 

and ft are sbabisbically "bied". 

If bhe parameter ft is random, i.e. ib has an individual value for any 

copy of bhe airframe strucbure, one may suppose bhab bhe sibuabion 

inverses, i.e. r _ * 1, bub r - 0. An addibional argumenb for bhab 

ftc mft 

assumption is bhe resulb of ibs applicabion in bhe equabions C6) and C7>; 
bhe formulae become graceful and symmetric as 
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t>*»G - rtlogC l-R), 

d« s c * - S^logC 1-R); 


<6a) 


here S Q * and S ft are corresponding standard deviations. 

rati^T ,;v h e e sssrss ^ ^rr by thr ~ 

two values - mean^nd^tandard de^atifi^ ^ ^ Sh ° Uld ^ de *' ined by 

the A baTs ^ d °"* < fi ^e 7> on 

take into acco^TlTt fltit u^ *—*.*«««« ^ef.llX One should 

ax ' e on ly estimates. The characteristics St ' <Emd3I ' d deviations 

the following: m«4; C%4.5, ^2; S -0.22, S -O.olt Ld S iT ^ 

m c (3 

practically ’ ‘'th.“^S ^ ?S te th f t Vaiues ° f «- parameters are 

but the standard deviation" of the®' p J^eTer^'m^c t 31 ''^'"^ * U ° y ° 16 ’ 
a material parameter is bigger iS^T the Did" ££ .‘‘Z.’TT^ “ 


approximately two times difference in 


scatter <S c *»0.046 for the 2024 


r * oner 

alloy coupons instead of S o -0.1 for Did alloy separated data) the 

caref^ly^tT^vo "d" *£££? « — » « 


THE FATIGUE CRACK GROWTH SCATTER MODEL 


“high criticality” use the Dam^ee Tol Saf eby . insurance for structures of 

problem of fatieu^rJ^l Tolei '^«=e Principle; therefore the 

fatigue crack growth scatter should attract extreme attention. 

preUminary a^roach^ US& <in the course of a 
taking into account that for largfirLS'cwhTch "c^T^d 

visual methods) the distortion effect of Can . b f detecied b V simple 

due to the stress concentrator 

exhius^by^e^r^^rwlh ^ ^ ^ * 

existent "initial crack" CoonsiH ThS sr 'owth begins from a conditionally 

initial state. ^^"oht^ t 

extrapolation procedure from real crack length's range. 

relauon 5 "crackTenstr"" ‘-"fa^uT Ufe""^" 4 V " ry SimPie for the 

1 “ \ni / <1 - N / N„ y > 1 '" q <8> 

where is the abscissa of the vertical asymptote Cfi e ur. 8>j „ is the 
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power* factor of the Paris equation; q=( n-2 )/2- 
An important formula may be derived as 


-* n 

N <a /cr > - N 

dsy O O aey 


l/ 1 


J 


<9) 


ini' vra_ 

through the individual Crandom and 


which expresses a random value N 

day 

statistically independent) fatigue life parameters n, 1 and the 

N* defined as a parameter N for 1 *1 and for stress 

asy cxsy im ini 

a which is equal t,o a stress in Lhe individual fabigue curves ’Tan 
o o 

neck". The value 1 is the mean value of the "initial flaw". 

ini 


parameter 


If the value N may be approximately considered as the total fatigue 
o»y 

life, the similarity of <9> and Cla> equations is evident; the conclusion 
is that the fatigue curve parameter m and the Paris equation parameter 
n should be close to one another. 


It is followed from equations <8> and C9> that the logarithm of the 
fatigue life up to any state which is characterized by a crack length 1>1 

is defined as 


tni 


lo^rNCl)* a*-qb. . -n logger /o*>+l©gfl-10 qb ini<l /l> q l 

ini O r O nv 

b. *»iog r <l. ./I. .). 

i m vm ' mi 


<10> 


where ^ . 

a ; 

a«y 

The crack growth duration AN in the crack detectable range may be 
derived by the eqauation <10> as AN =* N ^ y - N(l^^) where 

crack length which can be reliably detected by using check methods. 




On the basis of the proposed model an important result is obtained: the 

correlation factor between AN and N is not a constant value but it 

asy 

depends on loading conditions and other essential parameters. It can vary 
throughout the whole interval of its existence <-l<r<l>. In particular, if 
-load level is high; 

-the scatter characteristics of the initial "flaws" dimensions are low 
Ci.e. the manufacturing process is highly stable); 

— the mean value of the ratio AN / N is large Ci.e. the inspection 

f asy 

methods allow technicians to detect the fatigue cracks of short lengths), 

then AN and N can correlate positively and strongly. These conditions 
asy 

usually take place in the laboratory sample tests. 


However, the practical use of the Damage Tolerance Principle on full 
size airf rames shows an opposite situation: the typical load levels in 
service are low, the manufacturing processes are ordinary, and the most 
often used flaw detection method is the visual inspection that allows 
inspectors to detect large cracks only. Under these conditions, the 
correlation coefficient can reduce to zero, and even turn out to be 
notably negative. 
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The analysis shows that, a close connection exists between the relation 
of the crack growth duration scatter to the fatigue life scatter, on the 
one hand, and the relation of corresponding mean values, on the other 


hand, i.e. between S. . / S, and 

log AN ' ZogrN 

<asy 


N 

cusy 


/ AN. 


It is very important from a practical point of view that the connection 
is approximately the same independently to the ‘’initial flaw” scatter. An 
example is given (see figure 9) for two typical values Cd=0.1 and d=0.15; 
see equation C3)3 of minimum fatigue life scatter in the "fan neck" and 
for typical probabilistic characteristics of fatigue life parameters. 


CONCLUSIONS 


Simple and effective models of total fatigue life and crack growth 
scatter are proposed. Preliminary results are obtained which permit 
consideration of the proposals as acceptable. The identification of these 
models on the basis of experimental data will give much possibility for 
-revealing, investigating and explaning the causes of scatter; 

predicting the scatter characteristics for materials and structures; 
-obtaining generalized scatter characteristics for reliable 
standardization; 

-forming effective approaches to the scatter "bearing process" control 
in order to minimize its value. 
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Table 1. 


Material 

Number of 

samples 

Total number 

of test objects 


Coupons 

Panels, 

structure 

elements 

Coupons 

Panels , 

structure 

elements 

Aluminium 
alloy D16 
(2024 analogy) 

1063 

364 

9500 

1200 

Aluminium 
alloy B95 
(7075 analogy) 

535 

81 

4173 

250 

Steel 30XrCA 

652 

360 

4000 

1100 
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Figure 1. The example of scatter 
<ref.2>. 


mean life test results interpretation 



Figure 2. 


The generalized scatter 
for different materials 


mean life plot Cref.lX Mean 
and test objects. 


curves 


















